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Measurement of Bubble Group Characteristics of Gas-Liquid Two-Phase
Flow by Laser Cross Section Imaging

Tan Wanyao', Liu Xiaojing’, Wu Decao'’, Luo Binbin'", Zhao Mingfu', Guo Yufeng',
Long Junyu', Zhang Ying'
'Chongqing Key Laboratory of Optical Fiber Sensor and Photoelectric Detection, Chongqing University of
Technology, Chongqing 400054, China;
’School of Nuclear Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China

Abstract According to the measurement requirements of the gas-liquid two-phase flow parameters in thermal design and
modeling of a nuclear reactor, a laser-imaging-based method for measuring the characteristics of bubble groups is
investigated. Specifically, a planar laser is used to illuminate the two-phase flow outside the transparent model core to
form a transverse detection cross-section, and the forward light scattering images of the bubble groups in this cross-section
are obtained by high-speed photography. Then, the images are processed with a roundness classification method and an
optimized graph segmentation algorithm of the fast radial symmetry transform to effectively reduce the area calculation
errors introduced by the overlapping bubble images. Finally, the vertical velocity of the bubbles is calculated on the basis
of the "fault contour-velocity-morphology" constraint of bubbles. Thus, the proposed method achieves the measurement of
the instantaneous cross-sectional void fraction, the imaging of the mean value of cross-sectional void fraction, the three-
dimensional morphology reconstruction of bubbles, and the calculation of average particle size distribution.

Key words image processing; laser imaging; rod bundle channel; image analysis; void fraction
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Fig. 1 Bubble image acquisition device. (a) Physical picture; (b) schematic diagram
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Shooting method of calibration image and original calibration image obtained by camera. (a) Shooting method of calibration

image; (b) original calibration image obtained by camera
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Fig. 5 Bubble images before and after roundness value classification. (a) Original bubble image before roundness value classification;

(b) regular bubble image; (¢) irregular bubble image
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Instantaneous bubble quantity statistics and instantaneous void fraction curve. (a) Instantaneous bubble quantity statistics;

(b) instantaneous void fraction curve
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Target bubble tracking image and bubble ellipsoid reconstruction. (a) Target bubble tracking image; (b) bubble ellipsoid

reconstruction
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Fig. 12 Histogram of bubble group particle size distribution at different gas flow rates. (a) 60 mL/min; (b) 100 mL./min
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